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(92) and the plurality of passages (96). Further, at least
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Description
BACKGROUND

[0001] This disclosure relates to a gas turbine engine,
and more particularly to a gas turbine engine component
having an engineered vascular structure with atleast one
spoke having a non-circular cross-section.

[0002] Gas turbine engines typically include a com-
pressor section, a combustor section, and a turbine sec-
tion. In general, during operation, air is pressurized in the
compressor section and is mixed with fuel and burned in
the combustor section to generate hotcombustion gases.
The hot combustion gases flow through the turbine sec-
tion, which extracts energy from the hot combustion gas-
es to power the compressor section and other gas turbine
engine loads.

[0003] Due to exposure to hot combustion gases, nu-
merous components of a gas turbine engine may include
cooling schemes that circulate airflow to cool the com-
ponent during engine operation. Thermal energy is trans-
ferred from the component to the airflow as the airflow
circulates through the cooling scheme to cool the com-
ponent. Known cooling schemes may be inefficient and
lack structural integrity.

SUMMARY

[0004] A componentaccording to an exemplary aspect
of the present disclosure includes, among other things,
awall and a vascular engineered lattice structure formed
inside of the wall. The vascular engineered lattice struc-
ture includes a plurality of nodes, a plurality of branches
that extend between the plurality of nodes, and a plurality
of passages extending between the plurality of nodes
and the plurality of passages. Further, at least one of the
branches is non-circular in cross-section.

[0005] In an embodiment of the foregoing component,
the at least one of the branches includes an airfoil shape
in cross-section.

[0006] In a further embodiment of any of the foregoing
components, the at least one of the branches includes a
cross-section having a surface extending substantially
perpendicular to an expected direction of fluid flow.
[0007] In a further embodiment of any of the foregoing
components, the at least one of the branches includes a
triangular shape in cross-section.

[0008] In a further embodiment of any of the foregoing
components, the component includes a first branch and
a second branch at a location downstream of the first
branch, each of the first and second branches being non-
circular in cross-section, and the cross-sections of the
first and second branches are dissimilar.

[0009] In a further embodiment of any of the foregoing
components, the cross-section of the first branch is an
airfoil shape, and the cross-section of the second branch
has a surface extending substantially perpendicular to
an expected direction of fluid flow.
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[0010] In a further embodiment of any of the foregoing
components, the plurality of nodes and the plurality of
branches are uniformly distributed throughout the vas-
cular engineered lattice structure.

[0011] In a further embodiment of any of the foregoing
components, the plurality of nodes and the plurality of
branches are non-uniformly distributed throughout the
vascular engineered lattice structure.

[0012] In a further embodiment of any of the foregoing
components, the at least one of the branches is hollow
and includes an internal flow passageway.

[0013] In a further embodiment of any of the foregoing
components, the plurality of branches are one of (1) or-
thogonal to the plurality of nodes and (2) non-orthogonal
to the plurality of nodes.

[0014] In a further embodiment of any of the foregoing
components, the wallis part of ablade, a vane, or a blade
outer air seal (BOAS) of a gas turbine engine.

[0015] In a further embodiment of any of the foregoing
components, the wall is a gas path wall exposed to a
core airflow of a gas turbine engine.

[0016] A component according to another exemplary
aspect of the present disclosure includes, among other
things, a wall and a vascular engineered lattice structure
formed inside of the wall. The vascular engineered lattice
structure includes a plurality of nodes, a plurality of
branches that extend between the plurality of nodes, and
a plurality of passages extending between the plurality
of nodes and the plurality of passages. A first one of the
branches and a second one of the branches are both
non-circular in cross-section. Further, the cross-sections
of the first and second branches are dissimilar.

[0017] In a further embodiment of the foregoing com-
ponent, the cross-section of the first branch is an airfoil
shape, and the cross-section of the second branch has
a surface extending substantially perpendicular to an ex-
pected direction of fluid flow.

[0018] In a further embodiment of any of the foregoing
components, the second branch includes a triangular
shape in cross-section.

[0019] In a further embodiment of any of the foregoing
components, the second branch is downstream of the
first branch.

[0020] A method for producing a component according
to an exemplary aspect of the present disclosure in-
cludes, among other things, forming a vascular engi-
neered lattice structure inside of a wall of the component.
The vascular engineered lattice structure includes a plu-
rality of nodes, a plurality of branches that extend be-
tween the plurality of nodes, and a plurality of passages
extending between the plurality of nodes and the plurality
of passages. Further, at least one of the branches is non-
circular in cross-section.

[0021] In a further embodiment of the foregoing meth-
od, the step of forming the vascular engineered lattice
structure includes forming a first branch and a second
branch at a location downstream of the first branch, each
of the first and second branches being non-circular in
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cross-section, and the cross-sections of the first and sec-
ond branches are dissimilar.

[0022] In a further embodiment of any of the foregoing
methods, the cross-section of the first branch is an airfoil
shape, and the cross-section of the second branch has
a surface extending substantially perpendicular to an ex-
pected direction of fluid flow.

[0023] In a further embodiment of any of the foregoing
methods, the step of forming the vascular engineered
lattice structure includes forming a core using an additive
manufacturing process, and using the core to cast the
vascular engineered lattice structure.

[0024] The embodiments, examples and alternatives
of the preceding paragraphs, the claims, or the following
description and drawings, including any of their various
aspects or respective individual features, may be taken
independently or in any combination. Features described
in connection with one embodiment are applicable to all
embodiments, unless such features are incompatible.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]
lows:

The drawings can be briefly described as fol-

Figure 1 illustrates a schematic, cross-sectional view
of a gas turbine engine.

Figure 2 illustrates a component that can be incor-
porated into a gas turbine engine.

Figure 3 illustrates an exemplary engineered vascu-
lar structure.

Figure 4 illustrates another view of the engineered
vascular structure of Figure 3.

Figure 5 is a view taken along line 5-5 of Figure 3,
and illustrates an example portion of the engineered
vascular structure.

Figure 6 is a view taken along line 5-5 of Figure 3,
and illustrates an example portion of the engineered
vascular structure having an internal flow passage.
Figure 7 is a view taken along line 7-7 of Figure 3,
and illustrates another example portion of the engi-
neered vascular structure.

Figure 8 is a view taken along line 7-7 of Figure 3,
and illustrates another example portion of the engi-
neered vascular structure having an internal flow
passage.

DETAILED DESCRIPTION

[0026] Figure 1 schematically illustrates a gas turbine
engine 20. The gas turbine engine 20 is disclosed herein
as a two-spool turbofan that generally incorporates a fan
section 22, acompressor section 24, a combustor section
26 and a turbine section 28. Alternative engines might
include an augmentor section (not shown) among other
systems or features. The fan section 22 drives air along
a bypass flow path B in a bypass duct defined within a
nacelle 15, while the compressor section 24 drives air
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along a core airflow path C for compression and commu-
nication into the combustor section 26 then expansion
through the turbine section 28. Although depicted as a
two-spool turbofan gas turbine engine in the disclosed
non-limiting embodiment, it should be understood that
the concepts described herein are not limited to use with
two-spool turbofans as the teachings may be applied to
other types of turbine engines including three-spool ar-
chitectures.

[0027] The exemplary engine 20 generally includes a
low speed spool 30 and a high speed spool 32 mounted
for rotation about an engine central longitudinal axis A
relative to an engine static structure 36 via several bear-
ing systems 38. It should be understood that various
bearing systems 38 at various locations may alternatively
or additionally be provided, and the location of bearing
systems 38 may be varied as appropriate to the applica-
tion.

[0028] The low speed spool 30 generally includes an
inner shaft 40 that interconnects a fan 42, a first (or low)
pressure compressor 44 and a first (or low) pressure tur-
bine 46. The inner shaft 40 is connected to the fan 42
through a speed change mechanism, which in exemplary
gas turbine engine 20 is illustrated as a geared architec-
ture 48 to drive the fan 42 at a lower speed than the low
speed spool 30. The geared architecture 48 in this ex-
ample includes a gearbox G, which is a housing, and
encloses one or more gears, such as a sun gear and one
or more planetary gears. The high speed spool 32 in-
cludes an outer shaft 50 that interconnects a second (or
high) pressure compressor 52 and a second (or high)
pressure turbine 54. A combustor 56 is arranged in ex-
emplary gas turbine 20 between the high pressure com-
pressor 52 and the high pressure turbine 54. A mid-tur-
bine frame 57 of the engine static structure 36 is arranged
generally between the high pressure turbine 54 and the
low pressure turbine 46. The mid-turbine frame 57 further
supports bearing systems 38 in the turbine section 28.
The inner shaft 40 and the outer shaft 50 are concentric
and rotate via bearing systems 38 about the engine cen-
tral longitudinal axis A which is collinear with their longi-
tudinal axes.

[0029] The core airflow is compressed by the low pres-
sure compressor 44 then the high pressure compressor
52, mixed and burned with fuel in the combustor 56, then
expanded over the high pressure turbine 54 and low pres-
sure turbine 46. The mid-turbine frame 57 includes air-
foils 59 which are in the core airflow path C. The turbines
46, 54 rotationally drive the respective low speed spool
30 and high speed spool 32 in response to the expansion.
It will be appreciated that each of the positions of the fan
section 22, compressor section 24, combustor section
26, turbine section 28, and fan drive geared architecture
48 may be varied. For example, geared architecture 48
may be located aft of combustor section 26 or even aft
of turbine section 28, and fan section 22 may be posi-
tioned forward or aft of the location of geared architecture
48.
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[0030] The engine 20 in one example is a high-bypass
geared aircraft engine. In a further example, the engine
20 bypass ratio is greater than about six, with an example
embodiment being greater than about ten, the geared
architecture 48 is an epicyclic gear train, such as a plan-
etary gear system or other gear system, with a gear re-
duction ratio of greater than about 2.3 and the low pres-
sure turbine 46 has a pressure ratio that is greater than
about five. In one disclosed embodiment, the engine 20
bypass ratio is greater than about ten, the fan diameter
is significantly larger than that of the low pressure com-
pressor 44, and the low pressure turbine 46 has a pres-
sure ratio that is greater than about five. Low pressure
turbine 46 pressure ratio is pressure measured prior to
inlet of low pressure turbine 46 as related to the pressure
at the outlet of the low pressure turbine 46 prior to an
exhaust nozzle. The geared architecture 48 may be an
epicycle gear train, such as a planetary gear system or
other gear system, with a gear reduction ratio of greater
than about 2.3:1. It should be understood, however, that
the above parameters are only exemplary of one embod-
iment of a geared architecture engine and that the
present invention is applicable to other gas turbine en-
gines including direct drive turbofans.

[0031] A significant amount of thrust is provided by the
bypass flow B due to the high bypass ratio. The fan sec-
tion 22 of the engine 20 is designed for a particular flight
condition -- typically cruise at about 0.8 Mach and about
35,000 feet (10,668 meters). The flight condition of 0.8
Mach and 35,000 ft (10,668 m), with the engine at its best
fuel consumption - also known as "bucket cruise Thrust
Specific Fuel Consumption ('TSFC’)" - is the industry
standard parameter of Ibm of fuel being burned divided
by Ibf of thrust the engine produces at that minimum point.
"Low fan pressure ratio" is the pressure ratio across the
fan blade alone, without a Fan Exit Guide Vane ("FEGV")
system. The low fan pressure ratio as disclosed herein
according to one non-limiting embodiment is less than
about 1.45. "Low corrected fan tip speed" is the actual
fan tip speed in ft/sec divided by an industry standard
temperature correction of [(Tram °R) / (518.7 °R)]0:5
(where °R = K x 9/5). The "Low corrected fan tip speed"
as disclosed herein according to one non-limiting em-
bodimentis less than about 1150 feet/second (350.5 me-
ters/second).

[0032] Various components of the gas turbine engine
20, including but not limited to the airfoils of the blades
and the vanes of the compressor section 24 and the tur-
bine section 28, may be subjected to repetitive thermal
cycling under widely ranging temperatures and pres-
sures. The hardware of the turbine section 28 is partic-
ularly subjected to relatively extreme operating condi-
tions. Therefore, some components may require internal
cooling schemes for cooling the parts during engine op-
eration.

[0033] Among other features, this disclosure relates to
gas turbine engine component cooling schemes that in-
clude vascular engineered lattice structures inside the

10

15

20

25

30

35

40

45

50

55

walls of the gas turbine engine component. The exem-
plary structures described herein provide effective local-
ized convective cooling, and is some embodiments, can
provide resupply and film cooling for gas turbine engine
components that may be subject to the hot combustion
gases that are communicated through the core flow path
C.

[0034] Figure 2illustrates a component 60 that can be
incorporated into a gas turbine engine, such as the gas
turbine engine 20 of Figure 1. The component 60 includes
a body portion 61 that axially extends between a leading
edge portion 63 and a trailing edge portion 65. The body
portion 61 may further include a first (pressure) side wall
67 and a second (suction) side wall 69 that are spaced
apart from one another and axially extend between the
leading edge portion 63 and the trailing edge portion 65.
Although shown in cross-section, the body portion 61
would also extend radially across a span.

[0035] In this embodiment, the body portion 61 is rep-
resentative of an airfoil. For example, the body portion
61 could be an airfoil that extends from platform and root
portions (i.e., where the component is a blade), or could
alternatively extend between inner and outer platforms
(i.e., where the component 60 is a vane). In yet another
embodiment, the component 60 could include a non-air-
foil component, including but not limited to, a blade outer
air seal (BOAS), a combustor liner, a turbine exhaust
case liner, or any other part that may require dedicated
cooling.

[0036] A gas path 62 is communicated axially down-
stream through the gas turbine engine 20 in a direction
that extends from the leading edge portion 63 toward the
trailing edge portion 65 of the body portion 61. The gas
path 62 represents the communication of core airflow
along the core flow path C (see Figure 1).

[0037] A cooling scheme 64 may be disposed inside
of the body portion 61 for cooling the internal and external
surface areas of the component 60. For example, the
cooling scheme 64 can include one or more cavities 72
that may radially, axially, and/or circumferentially extend
inside of the body portion 61 to establish cooling passag-
es for receiving an airflow 68 (or some other fluid). The
airflow 68 may be communicated into one or more of the
cavities 72 from an airflow source 70 that is external to
the component 60 to cool the component 60. In one em-
bodiment, the airflow 68 is communicated to the cooling
scheme 64 through a root portion of the component 60
(e.g., where the component is a blade).

[0038] The airflow 68 is generally of a lower tempera-
ture than the airflow of the gas path 62 that is communi-
cated across the body portion 61. In one particular em-
bodiment, the airflow 68 is a bleed airflow that can be
sourced from the compressor section 24 or any other
portion of the gas turbine engine 20 that has a lower
temperature as compared to the component 60. The air-
flow 68 can be circulated through the cooling scheme 64
to transfer thermal energy from the component 60 to the
airflow 68 thereby cooling the component 60.
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[0039] In this non-limiting embodiment, the exemplary
cooling scheme 64 includes a plurality of cavities 72 that
extend inside of the body portion 61. However, the cool-
ing scheme 64 is not necessarily limited to the configu-
ration shown, and it will be appreciated that a greater or
fewer number of cavities, including only a single cavity,
may be defined inside of the body portion 61. The cavities
72 communicate the airflow 68 through the cooling
scheme 64, such as along a serpentine or linear path, to
cool the body portion 61.

[0040] Inoneembodiment, ribs 74 extend between the
first side wall 67 and the second side wall 69 of the body
portion 61. The ribs 74 may also radially extend across
a span of the body portion 61.

[0041] The exemplary cooling scheme 64 may addi-
tionally include one or more vascular engineered lattice
structures 80 that are disposed inside sections of the
body portion 61 of the component 60. For example, dis-
crete portions of the component 60 may embody a vas-
cular engineered lattice structure, or the entire compo-
nent 60 can be constructed of a vascular engineered lat-
tice structure.

[0042] Figures 3 and 4 illustrate one exemplary vas-
cular engineered lattice structure 80 that can be incor-
porated into a component 60. The vascular engineered
lattice structure 80 may be incorporated into any section
or sections of a gas turbine engine component. In this
disclosure, the term "vascular engineered lattice struc-
ture" denotes a structure of known surface and flow areas
that includes a specific structural integrity.

[0043] Asdiscussed in greater detail below, the exam-
ple vascular engineered lattice structure 80 of Figures 3
and 4 is a solid vascular structure. In this embodiment,
the vascular engineered lattice structure 80 embodies a
solid lattice structure in which airflow is communicated
over and around the solid lattice structure thereby gov-
erning flow and providing structural support.

[0044] The specific design and configuration of the
vascular engineered lattice structure 80 of Figure 3 is not
intended to be limited to only the configuration shown. It
will be appreciated that because the vascular engineered
lattice structure 80 is an engineered structure, the vas-
cular arrangement of these structures can be tailored to
the specific cooling and structural needs of any given gas
turbine engine component. In other words, the vascular
engineered lattice structure 80 can be tailored to match
external heat load and local life requirements by chang-
ing the design and density of the vascular engineered
lattice structure 80. The actual design of any given vas-
cular engineered lattice structure may depend on geom-
etry requirements, pressure loss, local cooling flow, cool-
ing air heat pickup, thermal efficiency, film effectiveness,
overall cooling effectiveness, aerodynamic mixing, and
produceability considerations, among other gas turbine
engine specific parameters. In one embodiment, the vas-
cular engineered lattice structure 80 is sized based on a
minimum size that can be effectively manufactured and
that is not susceptible to becoming plugged by dirt or
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other debris.

[0045] The exemplary vascular engineered lattice
structure 80 extends between afirst wall 82 and a second
wall 84 of the component 60. The first wall 82 is spaced
from the second wall 84. The first wall 82 may be exposed
to the gas path 62, whereas the second wall 84 may be
positioned remote from the gas path 62. For example,
the second wall 84 could face into one of the cooling
source cavities 72 of the cooling scheme 64 (see Figure
2). The vascular engineered lattice structure 80 includes
a thickness T between the first wall 82 and the second
wall 84. This disclosure is not limited to any particular
thickness T.

[0046] The vascular engineered lattice structure 80 in-
cludes a plurality of nodes 92, a plurality of branches 94
that extend between the nodes 92, and a plurality of open
passages 96 between the branches 94 and the nodes
92. The nodes 92, branches 94, and open passages 96
can be manufactured as a single contiguous structure
made of the same material.

[0047] In this "solid" lattice structure configuration, air-
flow 68 is circulated through the open passages 96 to
cool the component 60 in the space between the walls
82, 84. The airflow 68 is circulated over and around these
parts as part of a porous flow area. For example, the
"solid" lattice structure includes multiple continuous solid
branches 94 over which airflow 68 is passed. The "solid"
lattice structure forms circuitous passages for the airflow
68 to traverse around as it migrates through the vascular
engineered lattice structure to maximize the convective
cooling surface area and coolant mixing around the
nodes 92 and the branches 94. The nodes 92 and the
branches 94 additionally act as structural members that
resist and dampen pressure, rotation forces, and vibra-
tory loads.

[0048] The exemplary vascular engineered lattice
structure 80 establishes a ratio of cooling area to struc-
tural area. The cooling area is established by the open
passages 96, while the nodes 92 and branches 94 de-
termine the amount of structural area. In one embodi-
ment, the amount of cooling area exceeds the structural
area (cooling area > structural area). In another embod-
iment, a ratio of the cooling area to the structural area is
less than 1 (cooling area < structural area). In yet another
embodiment, a ratio of the cooling area to the structural
area is between 1 and 4. Other configurations are also
contemplated.

[0049] The vascular engineered lattice structure 80
can be manufactured by using a variety of manufacturing
techniques. For example, the vascular engineered lattice
structure 80 may be created using an additive manufac-
turing process such as direct metal laser sintering
(DMLS). Another additive manufacturing process that
can be used to manufacture the vascular engineered lat-
tice structure 80 is electron beam melting (EBM). In an-
other embodiment, select laser sintering (SLS) or select
laser melting (SLM) processes may be utilized.

[0050] In yet another embodiment, a casting process
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can be used to create the vascular engineered lattice
structure 80. For example, an additive manufacturing
process can be used to produce a ceramic or molybde-
num based core (such as a Refractory Metal Core (RMC))
that can be used to cast the vascular engineered lattice
structure 80. In one embodiment, the additive manufac-
turing process includes utilizing a powder bed technology
for direct fabrication of lattice geometry features, while
in another embodiment the additive manufacturing proc-
ess can be used to produce "core" geometry features
which can then be integrated and utilized directly in the
investment casting process using a lost wax process.
[0051] The number, size and distribution of nodes 92,
branches 94 and open passages 96 can vary from the
specific configuration shown. In other words, the config-
uration illustrated by Figures 3 and 4 is but one possible
design. The branches 94 may extend orthogonally or
non-orthogonally to the nodes 92. The nodes 92 and
branches 94 can be manufactured as a single contiguous
structure made of the same material. In one embodiment,
the nodes 92 and branches 94 are uniformly distributed
throughout the vascular engineered lattice structure 80.
In another embodiment, the nodes 92 and branches 94
are non-uniformly distributed throughout the vascular en-
gineered lattice structure 80.

[0052] The nodes 92 and the branches 94 additionally
act as structural members that can be tailored to "tune"
steady and unsteady component vibration responses in
order to resist and optimally manage steady and un-
steady pressure forces, centrifugal bending and curling
stresses, as well as provide for improved component lo-
caland section average creep and untwist characteristics
and capability. In one embodiment, one or more of the
nodes 92 and branches 94 may include augmentation
features that augment the heat transfer effect of the air-
flow 68 as it is communicated through the vascular en-
gineered lattice structure 80. The augmentation features
can also be made using the additive manufacturing proc-
esses describe above.

[0053] Asmentioned above, the vasculararrangement
of the vascular engineered lattice structure 80 can be
tailored to the specific cooling and structural needs of
any given gas turbine engine component. For example,
a first portion of the vascular engineered lattice structure
80 can include a different combination of nodes 92,
branches 94 and open passages 96 compared to a sec-
ond portion of the vascular engineered lattice structure
80. In one embodiment, a first portion of the vascular
engineered lattice structure 80 may include a greater
amount of cooling area whereas a second portion of the
vascular engineered lattice structure 80 may provide a
greater amount of structural area.

[0054] Further, during normal operation, airflow flows
through the vascular engineered lattice structure 80 in a
way that prevents back flow. In this respect, certain com-
ponents may require a relatively high pressure for the
airflow 68 relative to the fluid within the gas path 62. Other
components may require a lower airflow 68 pressure.
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Further still, certain portions of the same component may
have different pressure requirements. In one example,
an upstream end of a component, such as a BOAS, re-
quires a greater airflow 68 pressure than a downstream
end of the same component.

[0055] In one non-limiting example of the present dis-
closure, the geometry of the branches 94 provides an
appropriate pressure drop (and thus substantially avoids
back flow) for a particular component or for particular
portions of the same component. In one example of this
disclosure, when viewed in cross-section (e.g., along a
sectional view taken substantially perpendicular to a
length of the branches 94) the branches 94 are non-cir-
cular.

[0056] One example branch geometry is shown in Fig-
ure 5. Figure 5 is a sectional view taken along line 5-5
from Figure 3. In Figure 5, the branch 94A includes an
airfoil shape in cross-section. As is known of airfoil
shapes, the branch 94A includes a convex leading edge
98 facing an expected direction of the airflow 68, and first
and second side walls 100, 102 extending between the
leading edge 98 and a trailing edge 104. The airfoil shape
of the branch 94A reduces drag and pressure drop on
the airflow 68, and is thus useful in components, or loca-
tions within components, that require a relatively high
airflow 68 pressure to prevent backflow. While refer-
enced herein as a "solid" structure, in another embodi-
ment (shown in Figure 6) the branch 94A may be a hollow
branchincluding aninternal flow passageway 99 allowing
a flow of cooling fluid to pass through the branch 94A.
The internal flow passageway 99 could, in some exam-
ples, be configured to communicate fluid between similar
internal passageways in at least some of the other
branches 94 and nodes 92.

[0057] Another example branch geometry is shown in
Figure 7. In the example of Figure 3, the branch 94B of
Figure 7 isincludedin the same component as the branch
94A and is downstream of the branch 94A relative to the
airflow 68. While the branches 94A, 94B are both non-
circular in cross-section, they have dissimilar cross-sec-
tions. While only two example cross-sectional ge-
ometries are shown in this disclosure, other geometries
can be included.

[0058] In this example, the branch 94B includes a pla-
nar leading surface 106 that is substantially perpendic-
ularto an expected direction of airflow 68. In this example,
the branch 94B further includes a substantially triangular
cross-section, with planar walls 108, 110 extending be-
tween the leading surface 106 and a trailing edge 112.
Other cross-sectional shapes that would have a substan-
tially perpendicular leading surface come within the
scope of this disclosure including, but not limited to,
square shapes, rectangular shapes, etc. Further, and
similar to the embodiment of Figure 6, the branch 94B
could, in some embodiments, be a hollow structure hav-
ing an internal flow passageway 113 to allow fluid to flow
therein (see Figure 8).

[0059] By providing a substantially perpendicular lead-
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ing surface 106, the branch 94B increases drag on the
airflow 68 and thus increases pressure drop. In one ex-
ample, the branch 94B is provided within a component,
such as a BOAS, at a downstream location that does not
require a high airflow 68 pressure to prevent back flow.
Further, by providing an increased pressure drop with
the branch 94B, the airflow 68 is not of such a high pres-
sure that it will negatively impact film cooling. Stated an-
other way, the geometry of the branch 94B can be used
to provide a desirable "blowing ratio."

[0060] Again, the geometries of Figures 5 and 7 are
only examples. It should be understood that some com-
ponents could include any number of branches having
the geometries shown in Figures 5 and 7. The non-cir-
cular geometries of Figures 5 and 7 can be used in com-
ponents that include some circular geometries (in cross-
section). Again, as generally mentioned above, this dis-
closure allows one to essentially tune the airflow for a
particular component to account for design considera-
tions such as pressure drop, backflow, and blowing ratio.
[0061] The exemplary vascular engineered lattice
structures described in this disclosure may be incorpo-
rated into any relatively high heat load gas turbine engine
applications where both convective and film cooling is
desired. Among other possible design configurations, the
vascular engineered lattice structures of this disclosure
may be implemented as a co-flow or counter-flow con-
figurations and may either include or exclude airflow re-
supply to more efficiently provide localized convective
cooling and film cooling to achieve extended component
operating life.

[0062] It should be understood that terms such as
"“fore," "aft," "axial," "radial," and "circumferential" are
used above with reference to the normal operational at-
titude of the engine 20. Further, these terms have been
used herein for purposes of explanation, and should not
be considered otherwise limiting. Terms such as "gener-
ally," "substantially," and "about" are not intended to be
boundaryless terms, and should be interpreted consist-
ent with the way one skilled in the art would interpret
those terms.

[0063] Although the different examples have the spe-
cific components shownin the illustrations, embodiments
of this disclosure are not limited to those particular com-
binations. It is possible to use some of the components
or features from one of the examples in combination with
features or components from another one of the exam-
ples.

[0064] One of ordinary skillin this art would understand
that the above-described embodiments are exemplary
and non-limiting. That is, modifications of this disclosure
would come within the scope of the claims. Accordingly,
the following claims should be studied to determine their
true scope and content.
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Claims

1.

A component (60), comprising:

a wall (82, 84); and

a vascular engineered lattice structure (80)
formed inside of the wall (82, 84), the vascular
engineered lattice structure (80) including a plu-
rality of nodes (92), a plurality of branches (94)
that extend between the plurality of nodes (92),
and a plurality of passages (96) extending be-
tween the plurality of nodes (92) and the plurality
of passages (96), wherein at least one of the
branches (94) is non-circular in cross-section.

The component (60) as recited in claim 1, wherein
the at least one of the branches (94) includes an
airfoil shape in cross-section.

The component (60) as recited in claim 1 or 2, where-
in the at least one of the branches (94) includes a
cross-section having a surface extending substan-
tially perpendicular to an expected direction of fluid
flow, optionally wherein the at least one of the
branches (94) includes a triangular shape in cross-
section.

The component (60) as recited in any preceding
claim, wherein:

the component (60) includes a first branch (94A)
and a second branch (94B) at a location down-
stream of the first branch (94A);

each ofthefirstand second branches (94A, 94B)
being non-circular in cross-section; and

the cross-sections of the first and second
branches (94A, 94B) are dissimilar, optionally
wherein:

the cross-section of the first branch (94A)
is an airfoil shape; and

the cross-section of the second branch
(94B) has a surface extending substantially
perpendicular to an expected direction of
fluid flow.

The component (60) as recited as recited in any pre-
ceding claim, wherein the plurality of nodes (92) and
the plurality of branches (94) are uniformly distribut-
ed throughout the vascular engineered lattice struc-
ture (80).

The component (60) as recited in any of claims 1 to
4, wherein the plurality of nodes (92) and the plurality
of branches (94) are non-uniformly distributed
throughout the vascular engineered lattice structure
(80).
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The component (60) as recited in any preceding
claim, wherein the at least one of the branches (94)
is hollow and includes an internal flow passageway
(113).

The component as recited in any preceding claim,
wherein the plurality of branches (94) are one of:

orthogonal to the plurality of nodes (92); and
non-orthogonal to the plurality of nodes (92).

The component as recited in any preceding claim,
wherein the wall is part of a blade, a vane, or a blade
outer air seal (BOAS) of a gas turbine engine, op-
tionally wherein the wall (82, 84) is a gas path wall
exposed to a core airflow of a gas turbine engine (20).

A component (60), comprising:

a wall (82; 84); and

a vascular engineered lattice structure (80)
formed inside of the wall (82, 84), the vascular
engineered lattice structure (80) including a plu-
rality of nodes (92), a plurality of branches (94)
that extend between the plurality of nodes (92),
and a plurality of passages (96) extending be-
tween the plurality of nodes (92) and the plurality
of passages (96), wherein a first one of the
branches (94A) and a second one of the branch-
es (94B) are both non-circular in cross-section,
and wherein the cross-sections of the first and
second branches (94A, 94B) are dissimilar.

The component (60) as recited in claim 10, wherein:

the cross-section of the first branch (94A) is an
airfoil shape; and

the cross-section of the second branch (94B)
has a surface extending substantially perpen-
dicular to an expected direction of fluid flow, op-
tionally wherein the second branch (94B) in-
cludes a triangular shape in cross-section.

The component (60) as recited in claim 10 or 11,
wherein the second branch (94B) is downstream of
the first branch (94A).

A method for producing a component (60), compris-
ing the steps of:

forming a vascular engineered lattice structure
(80) inside of a wall (82, 84) of the component
(60), the vascular engineered lattice structure
(80) including a plurality of nodes (92), a plurality
of branches (94) that extend between the plu-
rality of nodes (92), and a plurality of passages
(96) extending between the plurality of nodes
(92) and the plurality of passages (96), wherein
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14

at least one of the branches (94) is non-circular
in cross-section.

14. The method as recited in claim 13, wherein the step
of forming the vascular engineered lattice structure
(80) includes:

forming afirstbranch (94A) and a second branch
(94B) at a location downstream of the first
branch (94A), each of the first and second
branches (94A, 94B) being non-circularin cross-
section, and wherein the cross-sections of the
first and second branches (94A, 94B) are dis-
similar, optionally, wherein the cross-section of
the first branch (94A) is an airfoil shape, and
wherein the cross-section of the second branch
(94B) has a surface extending substantially per-
pendicular to an expected direction of fluid flow.

15. The method as recited in claim 13 or 14, wherein the
step of forming the vascular engineered lattice struc-
ture (80) includes:

forming a core using an additive manufacturing
process; and

using the core to cast the vascular engineered
lattice structure (80).
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